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Abstract

Disadvantageous decision-making and impaired volitional control over actions,
thoughts, and emotions are characteristics of a wide range of mental disorders
such as addiction, eating disorders, depression, and anxiety disorders and may
reflect transdiagnostic core mechanisms and possibly vulnerability factors.
Elucidating the underlying neurocognitive mechanisms is a precondition for
moving from symptom-based to mechanism-based disorder classifications and
ultimately mechanism-targeted interventions. However, despite substantial ad-
vances in basic research on decision-making and cognitive control, there are still
profound gaps in our current understanding of dysfunctions of these processes
in mental disorders. Central unresolved questions are: (i) to which degree such
dysfunctions reflect transdiagnostic mechanisms or disorder-specific patterns of
impairment; (ii) how phenotypical features of mental disorders relate to dys-
functional control parameter settings and aberrant interactions between large-
scale brain systems involved in habit and reward-based learning, performance
monitoring, emotion regulation, and cognitive control; (iii) whether cognitive
control impairments are consequences or antecedent vulnerability factors of
mental disorders; (iv) whether they reflect generalized competence impairments
or context-specific performance failures; (v) whether not only impaired but also
chronic over-control contributes to mental disorders. In the light of these gaps,
needs for future research are: (i) an increased focus on basic cognitive-affective
mechanisms underlying decision and control dysfunctions across disorders; (ii)
longitudinal-prospective studies systematically incorporating theory-driven be-
havioural tasks and neuroimaging protocols to assess decision-making and con-
trol dysfunctions and aberrant interactions between underlying large-scale brain
systems; (iii) use of latent-variable models of cognitive control rather than single
41
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tasks; (iv) increased focus on the interplay of implicit and explicit cognitive-
affective processes; (v) stronger focus on computational models specifying
neurocognitive mechanisms underlying phenotypical expressions of mental
disorders. Copyright © 2013 John Wiley & Sons, Ltd.
Introduction

Disadvantageous decision-making and impaired volitional
control over one’s actions, thoughts, or emotions are
core characteristics of a wide range of mental disorders
such as addiction, eating disorders, depression, and
anxiety disorders (Wittchen et al., 2011). Elucidating the
underlying psychological and neurobiological mechanisms
and pathways of such dysfunctions is a precondition for
theory-based improvement of prevention and interven-
tion, as well as for moving from symptom-based classifica-
tions towards disorder models based on underlying
mechanisms (Maia and Frank, 2011; Morris and Cuthbert,
2012). Although in the past two decades substantial
progress has been made in research on the neurocognitive
basis of decision-making and cognitive control (for
reviews see Goschke, 2013; Hofmann et al., 2012; Mars
et al., 2011; O’Reilly et al., 2010), to date this research
has had relatively limited impact on mainstream theoriz-
ing and classification of mental disorders. At the same
time, there is increasing discomfort with classifications of
mental disorders based on descriptive phenotypical
features, because the resulting disorder categories may
not map consistently to the organization of underlying
cognitive-affective mechanisms and neural systems. The
fact that many disorders are characterized by complex
configurations of symptoms that show substantial overlap
across diagnostic categories has been taken to suggest that
these categories may not depict natural kinds that “carve
nature at its joints” in terms of causal mechanisms
(cf. Buckholtz and Meyer-Lindenberg, 2012). As a conse-
quence, there has been renewed interest in (i) dimensional
approaches to psychopathological classification (Helzer
et al., 2008; Robbins et al., 2012; Wittchen et al., 2010),
(ii) the development of behavioural tasks and neuroimag-
ing protocols allowing the assessment of cognitive-affective
dysfunctions as endophenotypes of mental disorders
without exclusive reliance on subjective reports, and (iii)
and the search for transdiagnostic core mechanisms that
account for shared symptoms across diagnostic categories
(Buckholtz and Meyer-Lindenberg, 2012; Morris and
Cuthbert, 2012).

In this position paper, I argue that dysfunctions of
decision-making, volition, and cognitive control, and
Int. J. Methods
aberrant interactions between the underlying large-scale
brain systems involved in valuation, performance moni-
toring, and cognitive control may represent such
transdiagnostic mechanisms and possibly constitute vul-
nerability factors for a wide range of mental disorders.
Depending on which processing components are affected
(e.g. valuation, cognitive control, salience processing), dis-
tinct patterns of cognitive, affective, and motivational dys-
function may result which often cut across diagnostic
categories. From this perspective, I will identify central
gaps in our current knowledge and specify the most press-
ing needs for future research on neurocognitive mecha-
nisms of mental disorders.

State-of-the-art: advances in cognitive-affective
neuroscience of decision-making, volition, and
cognitive control

Human goal-directed action is characterized by a remark-
able flexibility and future-directedness, which is evident in
our ability to rapidly reconfigure behavioural dispositions
in response to changing goals, to flexibly adapt to chang-
ing contexts and task demands, and to pursue long-term
goals even if this requires delaying rewards, suppressing
habitual responses, or resisting immediate temptations.
The processes underlying goal-directed action can be clas-
sified roughly into decision-making processes, which medi-
ate the selection of goals and the formation of intentions,
and volitional or cognitive control processes, which support
the realization of chosen intentions, especially when they
stand in conflict with competing goals, habits, or motiva-
tions. In the past decade, substantial advances have been
made in elucidating the cognitive, affective, and neural un-
derpinnings of decision-making and cognitive control by
combining behavioural tasks from experimental psychol-
ogy and decision science with advanced neuroimaging
techniques and computational modeling approaches.
Importantly, this research has made increasingly clear that
the cognitive control of goal-directed action is not medi-
ated by a monolithic “central executive” system exerting
top-down control over subordinate sensory and motor
systems, but rather emerges from a distributed network
of interacting large-scale brain systems (e.g. Banich, 2009;
Gruber and Goschke, 2004; O’Reilly et al., 2010). There is
Psychiatr. Res. 23(Suppl. 1): 41–57 (2014). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.



Goschke Dysfunctions of decision-making and cognitive control
corresponding evidence that cognitive and affective
dysfunctions in mental disorders can in most cases not be
mapped in a one-to-one manner to dysfunctions in
localized brain areas, but reflect aberrant patterns of
connectivity and interactions between large-scale brain
systems (Buckholtz and Meyer-Lindenberg, 2012;
Bühringer et al., 2008; Menon, 2011). While this idea has
a long tradition in neuropsychological disconnection
models, the non-invasive analyses of adaptive as well as
aberrant brain systems interactions have rapidly expanded
in recent years due to methodological advances in the anal-
yses of resting-state and task-related functional
connectivity, whole-brain multivariate pattern analyses,
and graph-theoretical models of anatomical connectivity
(for reviews see Buckholtz and Meyer-Lindenberg, 2012;
Bullmore and Sporns, 2012; Menon, 2011; Orru et al.,
2012). For understanding dysfunctions of decision-making
and volitional control in mental disorders, interactions
between three large-scale brain systems appear particularly
important:1

(i) A valuation and motivation network which comprises
the ventromedial prefrontal cortex (vmPFC),
orbitofrontal cortex (OFC), ventral striatum (VS),
and amygdala as core nodes, and which mediates the
computation of value signals and reward-prediction
errors and the assignment of values to states, goals
and actions (Peters and Büchel, 2010a).

(ii) A cognitive control network which comprises the
lateral PFC and parietal cortex (PPC) and mediates
the active maintenance of goals and context informa-
tion, the inhibition of prepotent but unwanted
responses, and the top-down modulation of percep-
tual, emotional, and response processes (Miller and
Cohen, 2001).

(iii) A salience and monitoring network which includes the
anterior insula, anterior cingulate cortex (ACC), and
extended amygdala as core nodes (Menon and
Uddin, 2010; Sridharan et al., 2008), and is involved
in the regulation of vigilance, arousal and negative
affect (Shackman et al., 2011), the detection of
significant stimuli, the monitoring of response con-
flicts and the signaling of the demand for enhanced
cognitive control (Botvinick et al., 2004; Mansouri
et al., 2009).

In the following sections I first summarize key findings
on the role of these networks in decision-making and goal-
directed behaviour and then discuss how dysfunctions in
these networks may contribute to mental disorders. Based
on this selective review, I derive gaps in current and major
needs for future research.
Int. J. Methods Psychiatr. Res. 23(Suppl. 1): 41–57 (2014). DOI: 10
Copyright © 2013 John Wiley & Sons, Ltd.
Decision-making rests on interactions between
multiple learning and valuation systems2

A wide range of mental disorders is characterized by mal-
adaptive behavioural choices (e.g. when an addicted per-
son continues to consume drugs despite being aware of
the adverse long-term consequences; or when an individ-
ual decides not to attend an important work meeting be-
cause of an overwhelming social fear). Of direct
relevance for decision-making dysfunctions in mental dis-
orders, research on reward-based learning and value-based
choice has revealed that the assignment of subjective
values to goals and actions and the selection of actions
based on such values involve multiple learning and mem-
ory systems (Dayan and Daw, 2008; Delgado and
Dickerson, 2012). One influential distinction has been
made between “model-free” and “model-based” learning.
Model-free learning denotes the incremental trial-and-er-
ror learning of action values based on reward and punish-
ment, according to principles specified in reinforcement
learning models (Niv, 2009). The associations between
cues, actions, and rewards acquired by this system are in-
flexible and change slowly, as indicated by insensitivity of
choices to reinforce devaluation. Model-free learning has
been associated with the basal ganglia and midbrain dopa-
mine system, in particular the dorsomedial and dorsolat-
eral striatum involved in action-effect learning and habit
formation, respectively, and the ventral striatum involved
in the coding of “reward prediction errors” (Maia, 2009;
Schultz, 2007).

In contrast, model-based learning mediates the forma-
tion of internal models of sequential contingencies
between stimuli, actions, and their outcomes, and sup-
ports choices based on anticipated future consequences
(costs and benefits) of possible actions. This system is
thought to underlie goal-directed behaviour and supports
the rapid reversal and flexible adjustment of behaviour to
changing contingencies. It has been related to a brain net-
work including the vmPFC and OFC involved in the com-
putation of model-based value signals (Rangel and Hare,
2010). In addition, brain structures involved in episodic
future thinking and anticipation of possible action out-
comes (including the hippocampus and lateral PFC;
Schacter et al., 2007) play a role in supporting an orientation
towards the pursuit of long-term goals (Peters and Büchel,
2010b). Although recent evidence indicates that the distinc-
tion between model-based and model-free systems may not
be as clear-cut as previously assumed (for review see Doll
et al., 2012), it can be concluded that decision-making rests
on interactions – and at times competition – between
multiple learning, memory, and valuation systems. As
.1002/mpr
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described later, aberrant interactions among these systems
are a characteristic of various mental disorders, including
substance use disorder, attention deficit hyperactivity disor-
der (ADHD), eating disorders, and obsessive-compulsive
disorder (OCD).
Volition can be functionally decomposed into a set of
cognitive control mechanisms

After a decision has been made and an intention to attain a
particular goal has been formed, the subsequent pursuit of
the chosen goal often requires the recruitment of cognitive
control processes to shield the intention from distracting
stimuli, habitual responses, or competing motivational
tendencies (e.g. when the commitment to quit smoking
is weakened by a cue-elicited craving for a cigarette, or
when the intention to attend an important meeting is chal-
lenged by an overwhelming social fear). In this context,
the term “volition” does not refer to the idea of a causally
undetermined “free will”, but denotes a set of cognitive
control processes that serve to configure sensory, affective,
motivational, and motor processes according to superor-
dinate goals and support the realization of intentions in
the face of conflict from competing responses (Goschke,
2013; Haggard, 2008; Kuhl and Goschke, 1994; Miller
and Cohen, 2001). The term volition thus overlaps with
related terms such as “executive functions” (Banich,
2009; Hofmann et al., 2012; Miyake et al., 2000) or “self-
control” (Cohen and Lieberman, 2009). Examples of
cognitive control mechanisms include (i) the active
maintenance and shielding of goal representations, (ii)
the top-down modulation of perceptual and response
systems, (iii) the inhibition of unwanted habitual or
impulsive responses, (iv) the rapid updating and flexible
switching of goals and behavioural dispositions, (v) themon-
itoring of conflicts and errors, and (vi) the self-regulation of
emotions. The context-sensitive recruitment of such control
processes is a precondition for adaptive and flexible
goal-directed action and the maintenance of intentions in
the face of distractions or temptations (Goschke, 2003;
Hassin et al., 2010; Kuhl and Goschke, 1994; Miller and
Cohen, 2001). Conversely, as described later, impairments
of cognitive control are assumed to increase the risk of
self-control failures in both non-pathological cases as well
as in mental disorders such as addiction (Bühringer et al.,
2008; Goldstein and Volkow, 2011; Heatherton and
Wagner, 2011).

The neural basis of cognitive control is assumed to
reside in a network of brain systems which includes the
lateral PFC and PPC as core nodes. Importantly, this con-
trol network and the PFC in particular do not represent a
Int. J. Methods
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unitary “central executive”, but can be functionally frac-
tionated into several subsystems. These include the dorso-
lateral PFC (dlPFC) involved in goal maintenance, task
switching, and top-down modulation of attention; the
right inferior frontal cortex involved in response inhibi-
tion; the ventrolateral PFC and inferior-frontal junction
involved in the retrieval and implementation of response
rules (Badre, 2008; Brass et al., 2005; Crone et al., 2006;
Miller and Cohen, 2001), and the medial PFC, OFC and
subgenual ACC involved in emotion regulation (Gyurak
et al., 2011). Accordingly, the once popular (yet homuncu-
lus-like) idea of a central executive is increasingly being
replaced by explicit computational models specifying in-
formation-processing mechanism mediating component
processes of cognitive control (O’Reilly et al., 2010). Ex-
amples include models of how hierarchical goal structures
are represented in prefrontal networks (Badre and
D’Esposito, 2009; Botvinick et al., 2009; Koechlin and
Summerfield, 2007; Reynolds and O’Reilly, 2009), how
cognitive control is recruited in response to conflicts
(Botvinick et al., 2004; Brown and Braver, 2005), how
the balance between stable maintenance and flexible
updating of goals is regulated dynamically (Montague
et al., 2004; O’Reilly and Frank, 2006), and how the PFC
interacts with subcortical systems involved in reward,
emotion, and motivation (Daw et al., 2005; Dayan and
Daw, 2008; Frank and Claus, 2006).
Cognitive control is modulated by conflict signals,
emotions, and stress

Importantly, the cognitive control network does not sim-
ply exert top-down control on “lower-level” systems, but
is in turn strongly modulated by brain systems involved
in salience processing and conflict monitoring, as well as
by systems involved in the processing of emotions, reward,
and stress.

First, with respect to systems involved in salience and
conflict monitoring, there is evidence that the context-
sensitive recruitment of cognitive control processes de-
pends critically on conflict signals assumed to be generated
in medial prefrontal regions. According to an influential
conflict-monitoring model (Botvinick et al., 2004;
Mansouri et al., 2009), the ACC is part of a monitoring
system that mediates the detection of potentially signifi-
cant stimuli and response conflicts at different levels of
processing, and that signals the demand for enhanced
recruitment of cognitive control to nodes of the cognitive
control network, notably the lateral PFC.

Second, there is increasing evidence that both the
cognitive control network and the monitoring network
Psychiatr. Res. 23(Suppl. 1): 41–57 (2014). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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are strongly modulated by emotions, reward, and acute
stress. While the pattern of emotional modulations of
cognitive control is complex and only partly understood
(for reviews see Bolte and Goschke, 2010; Chiew and
Braver, 2011; Mars et al., 2011), there is increasing
evidence that positive affect modulates the balance
between stable goal shielding versus flexible switching
(Dreisbach and Goschke, 2004; van Wouwe et al.,
2011). Moreover, both positive and negative affect exert
distinct influences on the balance between focused versus
broadly distributed attention (Rowe et al., 2007;
Vermeulen, 2010) and on the monitoring of errors and
conflicts (e.g. Wiswede et al., 2009; for review see
Dreisbach and Fischer, 2012).

Third, chronic as well as acute stress – in addition to its
well established effects on hippocampus-dependent
declarative memory – exerts strong effects on cognitive
control processes, presumably via influences of stress
hormones and catecholamines (noradrenaline, dopamine)
on prefrontal neurotransmission (for review see Arnsten,
2009). These stress-related modulations appear to induce
a shift of behavioural control from a goal-directed
(“top-down”) to an affective-habitual (“bottom-up”)
mode dominated by the amygdale and basal ganglia
(Ramos and Arnsten, 2007; Wang et al., 2007; Wingard
and Packard, 2008). In addition, recent evidence indicates
that acute social stress also shifts the balance between
cognitive flexibility and stability towards increased tonic
goal shielding and reduced context-sensitive adaptation
of cognitive control (Plessow et al., 2011a, 2011b).
Stress-induced modulations of cognitive control are likely
to play an important role in mental disorders and appear
to increase, for instance, proneness to relapse in substance
use disorder as well as reinstatement of fear responses after
extinction in anxiety disorders.
Global control modes reflect variations inmeta-control
parameters which can be linked to specific
neuromodulatory systems

The described modulatory influences on cognitive control
are of direct relevance for the central question of how the
mode of operation and the pattern of interaction of
large-scale brain systems is regulated and dynamically
adapted to changing internal states and external contexts
and task-demands. In this context a central unresolved
question concerns the factors which determine how the
balance between stable maintenance and “shielding” of
goals, on the one hand, and flexible goal switching and
exploration of alternative options, on the other hand, is
dynamically regulated. From a computational perspective
Int. J. Methods Psychiatr. Res. 23(Suppl. 1): 41–57 (2014). DOI: 10
Copyright © 2013 John Wiley & Sons, Ltd.
one promising approach assumes that the mode of opera-
tion and interaction between complementary control sys-
tems depend on a limited set of meta-control parameters,
which determine global properties of neural information-
processing (Doya, 2008; Goschke, 2013). Examples of such
parameters include:

• the updating threshold, which regulates the balance
between stable maintenance and flexible updating of
goal representations;

• the attention breadth, which regulates the balance
between focused attention (promoting the selection
of task-related information) versus distributed atten-
tion (promoting stimulus-driven capture by potentially
significant stimuli);

• the temporal discounting rate, which determines how
steeply delayed reward is discounted;

• the degree of noise in neural representations which
modulates the balance between the exploitation of
learnt knowledge and the (trial-and-error) exploration
of novel options;

• the learning rate, which determines how rapidly
previous knowledge and acquired associations
between cues, actions, and rewards are changed by
new experiences.

The settings of these parameters determine global con-
trol states that can be defined as particular configurations
and operating modes of large-scale brain systems. Meta-
control parameters and the resulting control states are
influenced by multiple factors on different time scales
(ranging from transient influences of task demands, delib-
erate strategies, phasic emotions, and acute stress, to more
enduring effects of genetic variation, learning history, and
personality traits). On a neurobiological level meta-
control parameters have been linked to the influence of
specific neuromodulatory systems on interactions between
brain systems involved in emotion and reward, salience
and conflict monitoring, and cognitive control (Doya,
2008; Robbins and Arnsten, 2009; Rogers, 2011). For
instance, recent evidence implicates dopaminergic systems
in regulating the balance between robust maintenance
and flexible updating of working memory representations
(e.g. Armbruster et al., 2012; Müller et al., 2007; for
reviews see Cools, 2008; Durstewitz and Seamans, 2008;
O’Reilly, 2006; van Schouwenburg et al., 2010), whereas
serotonergic systems appear to play a role in regulating
the delay discounting rate and thus the degree of
impulsivity in intertemporal decision-making (Doya,
2008; Schweighofer et al., 2008; Tanaka et al., 2007). Given
that dysfunctional changes in neuromodulatory systems
have long been implicated in mental disorders, it is an
.1002/mpr
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important question how they contribute to dysfunctional
meta-control parameter settings in different disorders.

Implications for research on cognitive-affective
mechanisms of mental disorders

Insights gained from research on decision-making and
cognitive control have important implications for research
on mental disorders. As noted earlier, cognitive-affective
dysfunctions in mental disorders can in most cases not
be mapped one-to-one to dysfunctions in localized brain
areas but involve aberrant interactions and connectivity
between valuation, salience, and cognitive control net-
works (for reviews see Buckholtz and Meyer-Lindenberg,
2012; Bullmore and Sporns, 2012; Menon, 2011; Orru
et al., 2012). Such dysfunctions may appear in at least
three forms:

(a) Dysfunctions within a particular system (e.g. impaired
functioning of systems mediating inhibitory control
leading to a reduced ability to suppress habitual or
impulsive responses and a predominance of stimulus-
driven behaviour).

(b) Dysfunctional connectivity and interaction between
systems (e.g. a hypo-active conflict-monitoring net-
work leading to insufficient recruitment of control
in the case of conflict, thereby increasing the likeli-
hood of self-control failures).

(c) Dysfunctional settings of meta-control parameters
(e.g. a pathologically increased updating threshold
leading to reduced cognitive flexibility and per-
severative behaviour).

Depending on which networks and meta-control
parameters are affected, dysfunctions may show up in dif-
ferent cognitive-affective processing domains:

• Dysfunctions of valuation and decision-making may
show up in an inappropriate assignment of values to
actions, an overweighting of short-term reward at the
expense of long-term goals pursuit, and adaptation to
changing reward contingencies.

• Dysfunctions of cognitive control may show up in a
wide range of “executive dysfunctions”, including
impaired goal maintenance, reduced self-control and
insufficient top-down inhibition of habitual or impul-
sive responses, elevated distractibility, or reduced
cognitive flexibility.

• Dysfunctions of salience signaling and conflict monitoring
may either show up as an insufficient recruitment of
cognitive control due to a hypo-sensitive conflict-
monitoring network, or conversely, as an increased
capture of attention by potential threat cues, constant
Int. J. Methods
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worrying and rumination, and impaired emotion regu-
lation due to a hyper-vigilant salience network.
Valuation network dysfunction

Valuation network dysfunctions adversely affect the
learning and assignment of values to actions, goals, and
objects, and can thereby promote disadvantageous or
seemingly irrational decisions. There is considerable
evidence for aberrant activity and connectivity in brain
systems involved in value-based behavioural choice
(vmPFC, OFC, VS, ACC) in various mental disorders.
On a gross level, valuation network dysfunctions can be
grouped into those involving reduced sensitivity to long-
term outcomes (presumably related to externalizing
spectrum disorders such as addiction) and those involving
hyper-sensitivity to possible future outcomes (e.g. in cer-
tain cases of anhedonia, generalized anxiety disorder, and
possibly OCD).

Paradigmatic examples of a reduced impact of long-
term outcomes on behavioural choice are substance use
disorder and non-substance related “behavioural addic-
tions” (e.g. pathological gambling), which involve contin-
ued maladaptive choices despite the person’s awareness of
the adverse consequences. It is well established that most
drugs of abuse impact on the mesolimbic dopamine sys-
tem (Volkow et al., 2008). Chronic drug abuse induces
enduring changes in reward-based learning systems which
lead to the attribution of excessive incentive salience to
drugs at the expense of natural reinforcers and which
can cause cue-induced “wanting” even after hedonic
“liking” of the drug has diminished (for reviews see
Hyman, 2005; Loth et al., 2011; Maia and Frank, 2011;
Robinson and Berridge, 2003; Volkow et al., 2008). More-
over, a recent meta-analysis of intertemporal choice
studies revealed that individuals meeting criteria for an
addictive disorder showed significantly greater discounting
of delayed rewards (MacKillop et al., 2011). Importantly,
given that acute stress appears to influence delay
discounting (Stewart, 2008) and shifts the balance of
behavioural control from goal-directed to habitual control
(Arnsten, 2009), it can increase proneness to relapse even
after periods of abstinence.

In line with the earlier discussion of multiple (model-
based and model-free) learning and valuation systems, it
has been suggested that drug-induced changes in
corticostriatal pathways lead to a transition from voluntary
goal-directed to habitual and ultimately compulsive drug-
seeking and consumption behaviour (Everitt et al., 2008;
Everitt and Robbins, 2005). Of note, high impulsivity
(presumably reflecting both valuation and cognitive
Psychiatr. Res. 23(Suppl. 1): 41–57 (2014). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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control network dysfunction) may be a predisposing fac-
tor for the transition to compulsive behaviour (Robbins
et al., 2012). Consistent with this idea, it has recently been
reported that both stimulant-dependent individuals and
their non-drug abusing siblings were impaired in a motor
inhibition task and showed structural abnormalities in
fronto-striatal brain circuits, suggesting that impaired
inhibitory control may constitute an endophenotypes
for at least some types of drug addiction (Ersche et al.,
2012). Interestingly, despite clear differences between
substance use disorders, behavioural addictions, OCD,
and compulsive eating disorders, there appears to be
considerable overlap across these disorders with respect
to behavioural and neurocognitive signatures of impul-
sivity and compulsivity, suggesting that aberrant interac-
tions between valuation and cognitive control networks
may give rise to partly shared phenotypical features
(Robbins et al., 2012).

It should be noted that not only hypo-sensitivity but
also hyper-sensitivity to future consequences as indicated
by little discounting of delayed rewards appears to be
involved in some types of mental disorders. For instance,
it has been proposed that chronically reduced responsive-
ness to immediate reward and hyper-sensitivity to long-
term future outcomes may constitute a vulnerability factor
for anhedoniain depression (Hasler, 2012; Lempert and
Pizzagalli, 2010).
Cognitive control network dysfunction

Dysfunctions of the cognitive control network can
increase the risk for mental disorders via a number of
mechanisms, including (1) impaired goal maintenance in
face of competing desires, (2) a compromised ability to
inhibit habitual or impulsive responses, (3) an increased
proneness to attentional capture by disorder-related cues
(e.g. drug-cues, threat-cues), (4) deficient foresight and
meta-cognitive control (e.g. insufficient planning to avoid
tempting situations in addiction), (5) reduced ability to
regulate stress or negative emotions (e.g. in drug
craving), (6) reduced cognitive flexibility. These cognitive
control deficits contribute to two main types of impul-
sivity: (i) impulsive choice (especially in conjunction
with valuation network dysfunction) indicated by
over-valuation of immediate rewards, poor foresight
and planning, and impaired ability to down-regulate
current desires or emotional impulses (Kim and Lee,
2011); and (ii) impaired response inhibition, as indi-
cated by an impaired ability to suppress or stop the
execution of prepotentor habitual responses (Dalley
et al., 2011; Munakata et al., 2011).
Int. J. Methods Psychiatr. Res. 23(Suppl. 1): 41–57 (2014). DOI: 10
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Cognitive control deficits and aberrant connectivity be-
tween nodes of the cognitive control network (e.g. dlPFC,
PPC, ACC) are prominent features of a wide range of both
“externalizing” and “internalizing” spectrum disorders,
including impulse disorders, substance abuse, behavioural
addictions, ADHD (Grant and Potenza, 2012), as well as
schizophrenia, major depressive disorder, mania, and
anxiety disorders.
Cognitive control impairments in addiction

Addictive disorders are among the most obvious instances
of cognitive control network dysfunction (Bühringer et al.,
2008; Goldstein and Volkow, 2011; van Holst et al., 2010).
In addition to dysfunctions in reward and valuation net-
works, substance abuse is associated with impaired perfor-
mance and aberrant brain activity in tasks requiring goal
maintenance, response inhibition, or cognitive flexibility
(Bechara et al., 2006; Bühringer et al., 2008; Feil et al.,
2010; Garavan and Stout, 2005; George and Koob, 2010;
Goldstein and Volkow, 2011; Perry et al., 2011; Van den
Oever et al., 2010). Increasing evidence indicates that
similar cognitive control impairments are present in
non-substance related addictive behaviours such as patho-
logical gambling (Clark, 2010; Frascella et al., 2010; Grant
et al., 2010; Marazziti et al., 2008; van Holst et al., 2010).
While addiction clearly involves multiple distal and prox-
imal vulnerabilities and risk factors (Redish et al., 2008;
Wittchen et al., 2008), these findings strongly suggest that
addiction involves two core mechanisms: (1) a dysfunc-
tional change of valuation systems leading to the attribu-
tion of excessive incentive salience to drugs or addictive
behaviours at the expense of reduced incentive value of
natural reinforcers; (2) an impaired cognitive control
network leading to insufficient top-down regulation of
behaviour by long-term goals.
Cognitive control impairments in anxiety disorders

Dysfunctions of the cognitive control network and aber-
rant connectivity of the ACC, vmPFC, and amygdala have
been associated with impaired emotion regulation and
dysfunctional expression, inhibition, and extinction of fear
responses in anxiety disorders (Etkin et al., 2011). Recent
evidence suggests that dysfunctions of the dorsal-caudal
ACC and medial PFC may play a role in dysfunctional ap-
praisal and expression of negative emotions and monitor-
ing of emotional conflicts (Etkin et al., 2006), whereas the
ventral-rostral medial PFC appears to be involved in the
top-down regulation of the generation of emotional
responses (Etkin et al., 2011).
.1002/mpr
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Cognitive control impairments in depression

Deficits in cognitive control and impaired inhibition of
task-irrelevant and especially negative emotional informa-
tion have been recognized as a characteristic of depressive
disorders, especially in tasks requiring effortful processing
(for review see Gotlib and Joormann, 2010). Of note, in
contrast to consistent evidence for hyper-vigilance and
automatic attention capture by threat-related stimuli in
anxiety disorders, there is less clear evidence for increased
perceptual bias towards negative material in depression.
Rather, depressed individuals tend to engage in extensive
elaborative processing of negative material and have diffi-
culty to disengage from negative thoughts once they have
gained access to working memory (Goschke, 1996; Gotlib
and Joormann, 2010). On a neural level, depression has
been associated with reduced dlPFC activation following
errors and negative feedback, possibly reflecting insuffi-
cient recruitment of cognitive control in situations requir-
ing increased effort. Whereas in control subjects, conflicts,
errors, or effortful tasks induce increased recruitment of
task-related and control networks (in conjunction with
deactivation of the default mode network involved in
self-related cognition and self-monitoring; Menon,
2011), there is evidence that depressed individuals fail to
recruit task-related and control networks to a sufficient
degree in such conditions (Pizzagalli, 2011). Moreover, it
has been proposed that hyperactivity of ventral PFC and
limbic areas increases negative affect and processing of
negative emotional stimuli, while hypoactivity of dlPFC
and ACC during effortful tasks or following errors reflects
insufficient recruitment of cognitive control, which together
may contribute to a reduced ability to disengage from or
inhibit negative thoughts and emotions (Murrough et al.,
2011; Pizzagalli, 2011).

Salience and monitoring network dysfunction

Dysfunctions of salience and monitoring networks can
show up either as hyposensitivity or hypersensitivity for
salient, motivationally significant, or conflict-related
information, and such dysfunctions contribute to mental
disorders in particular in combination with impaired
cognitive control functions.

Hyposensitivity of the conflict-monitoring network
appears to be a characteristic of substance use disorders,
as indicated by impaired conflict- and error-monitoring
and attenuated error-related ACC activity in opiate addicts
(Forman et al., 2004), cannabis users (Hester et al., 2009)
and cocaine addicts (Franken et al., 2007). Dysfunctional
interactions between ACC and the dlPFC may lead to a
vicious circle, wherein impaired monitoring and signaling
Int. J. Methods
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of conflicts between drug-triggered responses and long-
term goals has the consequence that cognitive control is
no longer recruited, thus leading to an insufficient modu-
lation of action selection by long-term goals and an im-
paired ability to inhibit cue-triggered habitual responses
(Bühringer et al., 2008; Goldstein and Volkow, 2011).

Conversely, hypersensitivity of the salience network –

especially in conjunction with cognitive control impair-
ments – likely contributes to symptoms such as worry,
generalized anxiety, or obsessive intrusive thoughts.
Anxiety disorders are associated with hyper-reactivity to
fear cues, and some of them are particularly characterized
by more unspecific worry (e.g. generalized anxiety disor-
der). For both hyperreactivity and worry, meta-analyses
of neuroimaging studies have revealed substantial overlap
in the neural circuitry involved in specific phobias, social
anxiety disorders, and post-traumatic stress disorder
(PTSD) (Etkin and Wager, 2007).3 In particular, there is
relatively consistent evidence for hypereactivity in core
nodes of the salience network (e.g. amygdala and insula),
which presumably reflects increased sensitivity to
conditioned fear-cues and elevated interoceptive monitor-
ing of arousal and aversive states (Etkin et al., 2011;
LeDoux, 2012; Pessoa and Adolphs, 2010). Of note,
aberrant interactions between the salience network and
the cognitive control network have also been observed in
other disorders, including substance dependence, conduct
disorder, major depression, reactive aggression, and
schizophrenia. Thus, hypersensitivity of the salience
network and aberrant connectivity with the cognitive
control network may give rise to impaired processing
and dysfunctional regulation of negative emotions across
diagnostic categories (Erk et al., 2010; Etkin and
Schatzberg, 2011).
Dysfunctional meta-control parameter settings

Apart from dysfunctions of systems involved in decision-
making and cognitive control, mental disorders appear
also to be associated with chronic dysfunctional settings
of meta-control parameters (see earlier). It is important to
note that particular control parameter settings usually in-
cur complementary costs and benefits. For instance, a high
updating threshold makes working memory resistant to
distraction, but may also incur a cost in terms of reduced
cognitive flexibility and perseverative thoughts or
behaviours; a narrow attention breadth reduces interfer-
ence from distracting stimuli, but also increases the risk
of overlooking potentially significant information; a small
temporal discounting rate reduces impulsivity and
promotes future-oriented decisions, but may also lead to
Psychiatr. Res. 23(Suppl. 1): 41–57 (2014). DOI: 10.1002/mpr
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over-suppression of current needs or alienation from
important implicit motives. As a consequence, a chronic,
context-insensitive fixation of control parameters at
extreme values is likely to cause dysfunctional behaviour
and may constitute a vulnerability factor for specific
mental disorders. As an example, it has been proposed
(Rolls et al., 2008) that some of the symptoms of OCD
reflect overly stable attractor states in prefrontal neural
networks (overly high updating threshold), which has
the consequence that cognitive states are rendered too
stable and the cognitive system remains locked in a given
state and cannot easily switch to another state. While
this does clearly not provide a comprehensive account of
the complex phenomenology of OCD, it may capture a
core mechanism contributing to persistent intrusive
thoughts (obsessions) and repetitive behaviours (compul-
sions) (see also Verduzco-Flores et al., 2012). Conversely,
positive symptoms of schizophrenia and hypomanic
states in bipolar disorder have been related to the oppo-
site control parameter setting, i.e. a pathologically low
updating threshold and overly broad scope of attention
(Rolls and Deco, 2011). Further examples for dysfunc-
tional control parameters include an overly high delay
discounting rate in substance use disorder, pathological
gambling, and mania; or an excessive cost valuation and
low exploration rate in depression (for further discussion
see Hasler, 2012).

Major gaps and unresolved questions

Despite substantial progress, there are still profound gaps
in our current understanding of the neurocognitive mech-
anisms underlying dysfunctions of decision-making and
volitional control and their role in mental disorders.

Gap 1: Lack of knowledge about commonalities and
differences of neurocognitive mechanisms across
disorders

The first gap is our lack of empirical data concerning the
question to which degree dysfunctions of decision-making
and cognitive control reflect shared neurocognitive mech-
anisms which cut across mental disorders or whether
different component processes (e.g. valuation of future
outcomes, response inhibition, goal maintenance) are
specifically impaired in different disorders. Moreover, it
is an open question how to account for differences in
phenotypical symptoms in different disorders despite often
shared dysfunctions in overlapping neurocognitive systems
(e.g. Lueken et al., 2011). Finally, it is an unresolved issue
to which degree non-pathological impairments of cognitive
control (e.g. daily self-control failures) and dysfunctions of
Int. J. Methods Psychiatr. Res. 23(Suppl. 1): 41–57 (2014). DOI: 10
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cognitive control in mental disorders (e.g. addiction) differ
qualitatively or lie on a continuum of increasing severity.

Gap 2: Lack of empirical studies on dysfunctional
meta-control parameter settings in mental disorders

A second gap concerns the question how specific pheno-
typical features of mental disorders relate to dysfunctional
settings of meta-control parameters. Specifically, little is
known about how dysfunctional control parameter set-
tings develop, how they are moderated by genetic variation
and learning history, and how they modulated by acute or
chronic stress. Moreover, on a neurobiological level we
have insufficient knowledge of how dysfunctional param-
eter settings relate to specific neuromodulatory systems
and their influence on interactions between large-scale
brain systems involved in valuation, behavioural choice,
and cognitive control.

Gap 3: Are cognitive control impairments cause or
consequence of mental disorders?

One of the most important gaps is our lack of empirical
data on the question whether impaired decision-making
and cognitive control are consequences (or byproducts)
of mental disorders, or whether these impairments
constitute antecedent vulnerability factors or mediating
mechanisms increasing the risk for the development of
mental disorders. For instance, it is unknown whether
impaired cognitive control and conflict-monitoring is a
consequence of prolonged substance abuse, or whether
pre-morbid control impairments increase the risk for
developing addictive behaviours in vulnerable develop-
mental phases, under conditions of acute stress, or in
specific social contexts. Likewise, it is unclear whether a
hypersensitive salience network is a consequence of
impaired emotion regulation in anxiety disorders, or
whether it does increase the vulnerability for developing
anxiety disorders. Similarly, it is an open question
whether impaired cognitive control increases the vulner-
ability for ruminative negative thoughts in depression, or
whether negative emotionality and rumination cause
cognitive control deficits.

Gap 4: Generalized competence impairment or
context-specific performance failure?

Closely related to gap 3 is the question whether cognitive
control functions are generally impaired in particular
mental disorders or whether control breaks down only in
specific disorder-related contexts (e.g. in the presence of
drug cues or threat cues or under acute stress)? Answering
.1002/mpr
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these questions is of great relevance as it has potentially
important implications for treatment (e.g. whether one
should attempt to train basic cognitive control skills such
as the ability to counteract attentional biases, or whether
one should focus rather on motivational or situational
factors supporting the context-sensitive mobilization of
control functions).

Gap 5: Motivational or volitional dysfunction?

A fifth gap relates to the question whether phenotypical fea-
tures of mental disorders (e.g. maladaptive decision-making
in drug abuse; dysfunctional avoidance in anxiety disorders)
reflect motivational and decision-making deficits (e.g. mal-
adaptive valuation and disadvantageous choice behaviour
due to an overly high discounting of future rewards and
long-term goals), or whether they reflect genuine deficits
in volitional control processes (e.g. impaired response inhibi-
tion or insufficient goal shielding) despite otherwise intact
reasoning and decision-making capabilities. This knowledge
is highly relevant for the development of targeted interven-
tions, for instance, with respect to the question whether be-
havioural change and health-promoting behaviour should
better be supported by enhancing motivational incentives
(e.g. by enhancing the motivational impact of long-term
rewards or strengthening the commitment to health goals)
or by strengthening volitional and cognitive control skills
(e.g. by training the ability to control attention in order
to counteract attentional biases).

Gap 6: Lack of research on detrimental consequences
of chronic over-control

Current research is primarily focused on detrimental
consequences of impaired or insufficient cognitive con-
trol in mental disorders and there is a relative neglect of
studies on possible dysfunctional consequences of exces-
sive or chronic over-control. Although on a phenotypical
level certain disorders seem to be associated with in-
creased levels of effortful cognitive control (e.g. anorexia
nervosa), to date relatively few studies have directly in-
vestigated whether and under which conditions chronic
over-control (e.g. the continuous suppression of emo-
tional responses or reward processes) has detrimental
consequences such as recurrent intrusive thoughts, emo-
tional rebound effects, or self-alienation from basic needs
and implicit motives.

Gap 7: Lack of computational models

On a theoretical level, arguably the most profound gap in
current research on mental disorders is the one between
Int. J. Methods
50
the phenotypical description of mental disorders and
computational theories of the underlying information-
processing mechanisms. This contrasts sharply with the
fact that the field of computational cognitive neuroscience
has tremendously expanded in the past two decades, as is
evident in an increasing number of sophisticated neural
network and dynamical system models, which specify in
detail the neurocognitive mechanisms underlying reward
learning, value-based decision-making, and cognitive con-
trol (Botvinick, 2012; O’Reilly et al., 2010). At the same
time, computational approaches are also increasingly inte-
grated in “model-based” neuroimaging studies. In these
studies, estimates of control parameters (e.g. learning rate;
temporal discounting rate) are derived by fitting a compu-
tational model to subjects’ behavioural performance and
then relating these parameters to signatures of neural pro-
cesses in order to identify brain systems involved in the re-
spective computations (Doll et al., 2012; Mars et al., 2010;
O’Doherty et al., 2007). Computational models have great
potential for the analysis of mental disorders and are a pre-
condition for classifications of disorders based on detailed
models of underlying neurocognitive mechanisms and for
explanatory theories of how phenotypical expressions of
mental disorders emerge from dysfunctional meta-control
parameter settings and aberrant cognitive-affective sys-
tems interactions. However, apart from a few notable
exceptions (Maia and Frank, 2011; Maia and McClelland,
2012; Redish et al., 2007; Rolls and Deco, 2011) such
models have had to date only fragmented impact on the
conceptualization of mental disorders in mainstream
clinical psychology and psychiatry (Maia and Frank, 2011;
Montague et al., 2012).

Needs for future research

Need 1: Increased research focus on cognitive-affective
mechanisms underlying decision making and cognitive
control dysfunctions

There is a strong need for intensified research on patterns
and mechanisms of decision-making and cognitive control
dysfunctions across different mental disorders. In particu-
lar, sufficiently powered studies are needed to investigate
the pattern of commonalities and differences in cogni-
tive-affective mechanisms across disorders to elucidate to
which degree dysfunctions in different component pro-
cesses (e.g. disadvantageous valuation; impaired response
inhibition; attentional bias) reflect shared transdiagnostic
mechanisms or constitute disorder-specific impairments.
Moreover, there is a strong need for studies examining
systematically relations between phenotypical features of
mental disorders and dysfunctional constellations of
Psychiatr. Res. 23(Suppl. 1): 41–57 (2014). DOI: 10.1002/mpr
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meta-control parameters. In particular, studies are needed
investigating (i) the pattern of dysfunctional control
parameter settings (e.g. an overly steep temporal
discounting rate in the valuation of future rewards; or an
excessively high updating threshold leading to perseveration
and cognitive inflexibility) across disorders, (ii) the
modulation of control parameters by acute or chronic stress,
and (iii) the relation of dysfunctional parameter settings to
influences of specific neuromodulatory systems on brain
systems involved in learning, valuation and cognitive
control. Moreover, studies are needed that systematically
investigate to which degree non-pathological impairments
of decision-making and cognitive control (e.g. in the case
of daily self-control failures) and pathological dysfunc-
tions in clinical conditions (e.g. in addictive behaviour
or eating disorders) are characterized by qualitatively
different mechanisms or by gradual differences in the
severity of impairment.
Need 2: Reliable behavioural tasks assessing
decision-making and cognitive control functions

Directly related to the first need is the requirement for
more systematic integration of behavioural tasks and para-
digms from experimental psychology and decision science
into studies of mental disorders. Although the recent up-
surge of neuroimaging studies and the rapid development
of advanced methods for the analysis of functional and ef-
fective connectivity in mental disorders have yielded a host
of important findings, the gain of neuroimaging studies de-
pends critically on the use of behavioural paradigms that al-
low assessing reliably and validly component processes of
decision-making and cognitive control. Thus, there is a
pressing need to adapt and validate behavioural tasks and
experimental paradigms which are firmly grounded in
psychological theory for the study of cognitive control and
decision-making dysfunctions in mental disorders. This is
a precondition for elucidating how specific patterns of
cognitive and affective dysfunctions relate to phenotypical
features of mental disorders across diagnostic categories.
Moreover, in the longer run such studies are a precondition
for the development of mechanism-targeted training and
intervention aiming to improve specific component skills
and strategies as, for instance, training of inhibitory control,
voluntary attention focusing, or reflective decision making
strategies (for promising effects of attention control on
self-controlled choice and craving reduction in smokers
see Peters and Büchel, 2010a; Kober et al., 2010; for recent
reviews of the effectiveness of attention control training in
anxiety disorder see MacLeod and Mathews, 2012).
Int. J. Methods Psychiatr. Res. 23(Suppl. 1): 41–57 (2014). DOI: 10
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Need 3: Systematic use of latent-variable models of
cognitive control functions and dysfunctions

A third need is the more systematic use of latent-variable
models of cognitive control functions in studies of mental
disorders. Behavioural tasks used to measure cognitive
control are in most cases not “process-pure” but task
performance reflects several component processes, which
is particularly true for many of the complex tasks that
have traditionally been used to assess executive functions
(cf. Miyake et al., 2000). Moreover, tasks assessing cogni-
tive control often show only moderate retest reliability
(Strauss et al., 2006). To alleviate the task-impurity and reli-
ability problem, studies investigating the predictive validity
of cognitive control impairments for phenotypic expressions
of mental disorders should assess cognitive control func-
tions with more than one task in order to derive latent var-
iable scores. This would allow analysing relations between
cognitive control impairments and mental disorders on
the level of latent constructs (e.g. response inhibition, set
shifting) rather than in terms of performance in individual
tasks (Bollen and Noble, 2011; Miyake et al., 2000).

Need 4: Systematic integration of behavioural tasks
and neuroimaging measures into longitudinal-
prospective studies

There is a strong need for studies with sufficiently powered
longitudinal-prospective designs which systematically in-
corporate comprehensive sets of behavioural tasks
assessing component processes of cognitive control and
decision-making functions alongside with neuroimaging
measures and theory-driven assessments of genetic varia-
tion. Such studies would allow relating behavioural mea-
sures (preferably on the level of latent variable scores),
associated patterns of brain activity and genetic variation
in neurotransmitter systems linked to the regulation of
meta-control parameters to phenotypical expressions of
mental disorders (preferably derived both from clinical as-
sessments and experience sampling methods). The high cost
of such large-scale studies appears justified in light of prom-
ising recent findings indicating that laboratory measures of
decision-making and cognitive control as well as associated
brain activation patterns are indeed predictive of real-life
decision-making and behavioural choice. For instance,
measures of inhibitory control and delay discounting have
been shown to predict daily self-control failures in smokers
attempting to quit (Berkman et al., 2011), relapse and
potentially onset of addictive behaviours (George and Koob,
2010), initiation of smoking behaviour in adolescents
(Audrain-McGovern et al., 2009), relapse in adolescent
smokers after a smoking cessation programme (Krishnan-
.1002/mpr
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Sarin et al., 2007). Moreover and quite remarkably, self-
control assessed in preschoolers predicted cognitive and
social competence and stress tolerance a decade later
(Eigsti et al., 2006; Mischel et al., 1988, 2011).

Need 5: From dual systems models to theories of
large-scale brain systems interactions

It is becoming increasingly clear that simple dichotomies
(e.g. between an “impulsive” and a “reflective” system) –
notwithstanding their unquestionable heuristic value – fall
short of doing justice to the complexity of the neural cir-
cuits and component processes underlying adaptive as well
as maladaptive behavioural control. We thus need studies
using advanced methods for assessing functional and ef-
fective connectivity to investigate how multiple learning,
valuation and cognitive control systems cooperate or com-
pete in determining value signals and choice behaviour,
and how these interactions are modulated by acute stress
or emotional states. Importantly, such studies should ex-
amine whether phenotypically similar behavioural mani-
festations of decision-making or control dysfunctions are
mediated by the same or distinct processing pathways.
For instance, recent evidence indicates that self-controlled
decisions may not always involve the direct inhibition of
an “impulsive” valuation system by a “reflective” control
system (McClure et al., 2004), but rather rests on the mod-
ulation of a common value signal in the vmPFC by antic-
ipated long-term consequences of a behaviour (Hare et al.,
2009). We thus not only need to take the idea of coopera-
tive and competitive interactions between large-scale brain
networks seriously, but also the possibility of multiple me-
diating pathways towards cognitive-affective dysfunctions
in mental disorders. For instance, using addiction as an
example, studies are needed that systematically investigate
under which conditions impaired cognitive control in
addictive behaviours reflects: (a) impaired top-down
control of cue-triggered habitual or impulsive responses;
(b) deficient anticipation of one’s own future desires leading
to insufficient strategic avoidance of tempting situations;
or (c) impaired emotion regulation leading to an impaired
ability to cope with stress or negative emotions during
craving and thereby increasing the risk of relapse.

Need 6: Increased focus on implicit
cognitive-affective processes

As suggested by the earlier discussion of multiple learning
and valuation systems, there is a need for more systematic
research on interactions between explicit and implicit
goals, valuations, and motives in mental disorders. While
it is still common practice in research on mental disorders
Int. J. Methods
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to rely mainly or even exclusively on self-report measures
assessing introspectively accessible beliefs, feelings, and
goals, there is strong evidence that especially apparently
“irrational” choices as in addiction or anxiety disorders
cannot be explained solely by conscious beliefs and goals,
but depend on implicit attitudes and motives (Gawronski
and Payne, 2010; Hassin et al., 2005; Stacy and Wiers,
2010). For instance, a recent meta-analysis (Rooke et al.,
2008) revealed that indirect tests supposed to assess im-
plicit attitudes and valuations reliably predicted addictive
behaviour. Importantly, recent experimental evidence in-
dicates that the influence of implicit attitudes and auto-
matic affective reactions on actual choice behaviour is
systematically moderated by cognitive control competencies
as assessed by measures of executive attention, response in-
hibition, and emotion regulation (Friese et al., 2010; Hof-
mann et al., 2009; Nederkoorn et al., 2010; Wiers et al.,
2010). Thus, more studies are needed which simultaneously
obtain measures of conscious goals and attitudes, cognitive
control competencies, and measures of implicit affective at-
titudes and automatic valuations, in order to investigate how
dysfunctional interactions between these processes relate to
disadvantageous choices in mental disorders.
Need 7: From symptoms to mechanisms: integrating
computational modeling into psychopathology

Last but not least, to make progress at a theoretical level a
most pressing need is to put more emphasis on the inte-
gration of computational modeling approaches into
research on mental disorders. Especially in light of the
earlier described recent advances in computational cogni-
tive neuroscience, the time appears ripe to apply neural
network and dynamical system models to questions of
clinical relevance (cf. Maia and Frank, 2011; Maia and
McClelland, 2012; Montague et al., 2012; Redish et al.,
2007; Rolls and Deco, 2011). In particular, closer integra-
tion of computational models into psychopathology
provides an avenue towards explanations of how pheno-
typical manifestations of mental disorders such as im-
paired cognitive control may emerge from non-linear
interactions among underlying neurocognitive mecha-
nisms, dysfunctional meta-control parameter settings,
and aberrant systems interactions on different levels of
analysis. Moreover, computational models generate novel
testable hypotheses about common mediating mechanism
across disorders. As case in point, connectionist models
have been shown to account for reinstatement of learnt
behaviours after extinction across diagnostic categories
(substance use disorder, problem gambling, and fear
extinction) in terms of the same underlying mechanism
Psychiatr. Res. 23(Suppl. 1): 41–57 (2014). DOI: 10.1002/mpr
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(Redish et al., 2007). Computational models thus may
substantially contribute to refined classifications of disor-
ders based on explicit neurocognitive mechanisms.

Conclusion

To conclude, the study of decision-making and cognitive con-
trol has made impressive progress on both psychological and
neurobiological levels of analysis, thanks to the integration of
behavioural tasks derived from experimental psychology,
advanced neuroimaging methods for analysing large-scale
brain systems interactions, and computational modeling
approaches. Applying this multidisciplinary approach more
systematically to research onmental disorders carries not only
the promise to elucidate how phenotypical characteristics of
mental disorders emerge from transdiagnostic dysfunctions
of core cognitive-affective mechanisms, but may in the long
run help to develop mechanism-based rather than symp-
tom-based classifications and treatments of mental disorders.
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Endnotes

1. Due to space limitations I will not discuss the role of the
so-called “default mode network” in mental disorders
(cf. Buckholtz and Meyer-Lindenberg, 2012; Menon, 2011).

2. Here I exclusively focus on the role of learning systems for
decision-making. Learning processes do, of course, play a
much broader role in mental disorders (e.g. with respect
to emotional-associative learning in anxiety disorders),
which is beyond the scope of this paper.

3. The present focus on transdiagnostic commonalities is
not meant to deny that there are most likely also impor-
tant differences in the mediating mechanisms of different
anxiety disorders.
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